Cardiovascular disease is the leading cause of morbidity and mortality worldwide, and signs of atherosclerosis are present in all large arteries already in adolescence. We investigated the association between high physical fitness in late adolescence and myocardial infarction (MI) later in life.
Introduction
Cardiovascular disease (CVD) is the leading global cause of death, and ischaemic heart disease accounted for 12.8% of all deaths worldwide and 15.6% of all deaths in high-income countries in 2008. 1 The great burden of CVD on health-care systems worldwide necessitates the identification of modifiable risk factors, enabling the implementation of early preventive measures. Several prospective studies have linked leisure-time physical activity or aerobic fitness to the incidence of CVD. 2 -4 The association between aerobic fitness and CVD seems to be independent of, and stronger than that of reported physical activity. 5, 6 These findings could have been influenced by the assessment of physical activity using questionnaires, which increases the risk of recall bias. Most prospective studies that have examined the association between aerobic fitness and/or physical activity and the risk of CVD have used cohorts of middle-aged subjects, 7, 8 resulting in relatively short follow-up periods and the risk that subclinical CVD influenced reported physical activity or aerobic fitness. Nevertheless, some recent studies have indicated that selected cohorts of obese adult subjects with high physical fitness may have similar or even lower risk of CVD or death from CVD than do non-obese subjects with low physical fitness. 9 -11 Given that the signs of atherosclerosis are already present in large arteries in adolescence, 12 the evaluation of whether physical fitness in adolescence is associated with CVD later in life, and whether high physical fitness protects obese young subjects from later CVD, would be of interest. Therefore, in the present study, the association of objectively measured physical fitness at the age of 18 years with the later incidence of myocardial infarction (MI) was investigated in a nationwide cohort of men.
Methods

Study population
The study cohort comprised all Swedish men conscripted into compulsory military service between 1969 and 1984, and only 2 -3% of all men were relieved from conscription due to severe chronic medical illness. Age and anthropometric data (weight, height) were available for a total of 752 811 men. All these men participated in a 2-day, standardized, baseline intelligence, and physical examination regimen. All conscripts were also examined by a medical doctor, who, based on self-reports, diagnosed any medical disorder according to the International Classification of Disease (ICD) 8th edition. Blood pressure was measured using a mercury sphygmomanometer with subjects in supine position. An electrically braked ergometer cycle test was used to ascertain conscripts' aerobic fitness. Briefly, each conscript underwent resting electrocardiography and, if results were normal, continued with the exercise test. Following a warm-up period, the resistance was increased linearly at a rate of 25 W/min until the participant had to discontinue the test due to fatigue; the final work rate (W max ) was recorded and used in further analysis.
Isometric muscle strength for knee extension, grip, and elbow flexion was measured in Newton (N) using dynamometers. Each test was repeated three times unless the final value was highest; in such cases, the test was repeated until the value stopped increasing. Testing equipment was calibrated daily. The knee extension test was performed on the right knee with the subject in a seated position with crossed arms. The dynamometer strap was placed on the malleolus of the ankle and the test began with the knee bent at 908; the leg was then extended with maximal force. Elbow flexion was assessed on the right arm with the conscript in a seated position with the left hand on the left knee to ensure a straight shoulder position. The subject then flexed the arm to 908 with the forearm held vertically. Grip strength was assessed in the subject's dominant hand in a standing position with the arm held vertically and the forearm positioned at 908.
Data on subjects' education, incomes, and disability pensions at 20 years after conscription were collected from Statistics Sweden (Statistiska Centralbyrån). Education was classified using four levels: ,9 years of elementary school, completion of elementary school (9 years), high school (2 -4 years), and university education. Data were missing for education and income in 0.8 and 0.4% of the subjects, respectively. Information regarding deaths in the cohort was acquired from the National Board of Health and Welfare. This study was approved by the regional ethics board in Umeå.
Inclusion criteria and sub-cohorts
Conscripts were included in the study cohort if they met the following criteria: age at baseline ≥17 years, bodyweight ≥40 or ≤170 kg, and height ≥140 or ≤215 cm. Men who died or emigrated before 1987 were excluded. A total of 743 498 subjects were included in the present study. Because no aerobic fitness testing was conducted between 1969 and 1972, 620 089 men were included in analyses involving W max . Data on smoking were registered only in a sub-cohort of men (n ¼ 23 602) conscripted in 1969 -78, 23 489 of whom were conscripted in 1969 -70. Finally, haematocrit values were available for 119 011 men in the cohort.
Assessment of myocardial infarction
Information on diagnosis of MI in the cohort was collected via record linkage using the unique personal identification number given to all Swedish citizens and the National Hospital Discharge Register (HDR), superintended by the National Board of Health and Welfare. Subjects were diagnosed during the follow-up period according to the ICD 9th (1987 -96) and 10th (1997-2009) editions.
A validation study of the HDR conducted on 713 patients diagnosed with MI between 1987 and 1995 found that 86% of patients fulfilled the present criteria for MI diagnosis, 9% were likely to have had an MI, and the remaining 5% did not have an MI. 13 The authors of that study found that the consistency between clinical diagnosis and diagnostic criteria made the Swedish MI statistics applicable in epidemiological studies. Potential risk factors for MI were selected based on risk factors found in previous studies and the most common diagnoses found in the cohort studied at conscription.
Statistical analysis
The associations of independent variables at baseline with MI risk after the age of 40 years were analysed using Cox's proportional hazard models. In the first model, the risks [hazard ratios (HRs)] of MI per standard deviation (SD) change in W max , knee extension, elbow flexion, and grip strength values were investigated after adjusting for age, year and place of conscription, and body mass index (BMI). The same analyses were repeated with additional adjustment for socio-economic factors, education, the 12 most commonly diagnosed conditions at baseline, and systolic and diastolic blood pressure. fitness (W max and knee extension strength) were divided into ranked fourth. These procedures created 16 sub-cohorts for the combinations of exposures that were entered into the Cox regression models together with all confounders specified above. The study endpoint for all Cox regression analyses was the date of MI, date of death, or 1 January 2011, whichever came first. The hazard proportional assumption was evaluated graphically using a Kaplan-Meier curve. SPSS software (ver. 20.0; SPSS, Inc., Chicago, IL, USA) was used for all statistical calculations, with P , 0.05 considered significant. Unless stated otherwise, all data are presented as means + SDs.
Results
Baseline examinations
The cohort considered for inclusion in this study consisted of 743 498 men with a mean age of 18.5 + 0.8 years at conscription.
W max , knee extension strength, and BMI data acquired at conscription are shown in Figure 1 . The median follow-up period was 34 (range 5-41) years, during which 11 526 men were diagnosed with MI. Anthropometrics, blood pressure, and diagnoses at conscription, as well as socio-economic factors and education levels at 20 years after conscription, are presented in Tables 1 and 2 for fifth of aerobic fitness and knee extension strength. When comparing low and high fifth of aerobic fitness (Table 1) , the most prominent differences included higher BMI, higher incidence of most diagnosed diseases, and lower total income and education 20 years after conscription. Similar results were found when comparing the extreme fifth of muscle strength, but the differences were generally less pronounced ( Table 2) .
Aerobic fitness, strength, and myocardial infarction during follow-up
The number of MIs increased with decreasing fifth of aerobic fitness (P for trend ,0.001, Figure 2 ). The relationship between increasing muscle strength and the risk of MIs later in life was less clear ( Figure 2 ).
After adjusting for age, BMI, and year and place of conscription, each SD increase in W max was associated with a decreased risk of MI during the follow-up period [HR 0.76, 95% confidence interval (CI) 0.74 -0.78; Table 3 ]. All measurements of muscle strength were also associated with a decreased risk of MI during follow-up, but the associations were weaker than for W max (HRs 0.91-0.96, 95% CIs 0.89 -0.98 per SD increase; Table 3 ). Further adjustment for education, socio-economic factors, the 12 most common diagnosed conditions at baseline, and blood pressure reduced the strength of associations between W max and MI (HR 0.82), whereas the risk associated with muscle strength measurements remained largely unchanged (HRs 0.91-0.95, P , 0.001 for all; Table 3 ). Further adjustments for also haematocrit in the sub-cohort where such data were available (n ¼ 119 011) changed all HRs ,0.001.
Using the highest fifth of aerobic fitness as a reference, men in the lowest fifth had a 2.1-fold increased risk of MI during follow-up (95% CI 2.0 -2.3, P for trend ,0.001) after adjustment for BMI, age, and place and year of conscription. Men in the lowest fifth of muscle strength also showed a higher risk of MI during follow-up compared with the highest fifth (HRs 1.1 -1.3, P , 0.01 for all), but the associations were significantly weaker.
Because aerobic fitness was associated with the different estimates of muscle strength (r ¼ 0.27-0.38, P , 0.001 for all), fifth of aerobic fitness and knee extension strength were included in the final model together with all covariates. The association between fifth of aerobic fitness and the risk of MI remained (HR 1.69, 95% CI 1.55 -1.85), whereas knee extension strength and MI was not significantly associated (HR 1.01, 95% CI 0.93 -1.09).
The joint and independent effects of physical performance and body mass index HRs for the later risk of MI based on W max fourth and the WHO's BMI groups, adjusted for age, BMI, and year and place of conscription, blood pressure, education, socio-economic factors, and diagnosed conditions at baseline, are presented in Figure 3 . The risk of later MI increased significantly when comparing the highest and lowest W max fourth for all BMI groups (HRs 1.34-2.57, P , 0.05 for all). Similarly, the risk of MI increased when comparing obese (BMI . 30) and lean (BMI , 18.5) men for all groups of aerobic fitness (HRs 2.44-4.65, P , 0.01 for all). In a separate analysis, obese men (BMI . 30) in the highest fourth of W max had a higher risk of MI during follow-up than did lean men (BMI , 18.5) in the lowest (HR 1.71, 95% CI 1.15-2.56) and highest (HR 4.6, 95% CI 1.9 -11.2) fourth of W max , after adjustment for all available covariates. Furthermore, overweight men (BMI ≥ 25 -30) in the highest fourth of aerobic fitness were found to have a higher risk of MI (HR 1.31, 95% CI 1.13-1.51) than normal-weight men (BMI ≥ 18.5 and ,25) in the lowest fourth of aerobic fitness.
Smoking and myocardial infarction later in life
In the sub-cohort with data on smoking (n ¼ 23 602), knee extension strength was associated with a decrease in the risk of MI (n ¼ 893) after adjusting for BMI, age at baseline, and year and place of conscription (HR 0.90, 95% CI 0.84-0.97 per SD increase in knee extension strength value). Further adjustment for smoking only marginally 
Discussion
In the present study, aerobic fitness in late adolescence was associated with the later risk of MI in a nationwide cohort of men. The association between aerobic fitness and MI was consistent in all BMI groups, ranging from lean to obese. However, obese and overweight fit men had a higher risk of MI than did lean or normal-weight unfit men. In contrast, the association between muscle strength and the risk of MI was weaker and dependent of aerobic fitness and BMI. Overall, these findings suggest that high aerobic fitness in late adolescence may reduce the risk of MI later in life, although high cardiovascular fitness appears not to fully compensate for overweight or obesity with respect to this risk.
To our knowledge, the present study is the first to investigate associations between objective measures of physical performance in late adolescence and later MI in a population-based cohort. The clinical relevance of such findings could be further evaluated in the present cohort. Previous exercise intervention trials have found that endurance training may increase aerobic fitness by about 30%. 14 In the present study, we found that a 15% (1 SD) increase in aerobic fitness was associated with a 18% lower risk of MI 30 years later, after adjustment for multiple confounders including BMI. Thus, our results indicate that regular cardiovascular training in late adolescence is independently associated with a 35% reduced risk of early MI in men. Given the pronounced effects found, the low cost and easy accessibility of cardiovascular training, and the role of CVD as a major cause of mortality and morbidity worldwide, 1 these results are of interest with respect to public health. However, it should be noted that the relationship between aerobic fitness and myocardial infarction is complex, and probably influenced by confounders not investigated in the present study. This could include a genetic predisposition to both a high physical fitness and a low risk of CVD. We have recently found in a Swedish twin cohort that 78% of the variation in aerobic fitness at conscription is associated with genetic factors. 15 Given that obesity is a key risk factor for MI, 16 and that atherosclerosis is found in arteries already early in life, 12, 17 it would be of great value if high physical fitness in adolescence could neutralize the negative effects of obesity with respect to MI later in life. In the present study, high aerobic fitness was significantly associated with a graded reduced MI risk within any group of BMI, supporting the results of some previous studies in older subjects. 5, 18 For example, Lakka et al. 18 found a graded association between higher levels of cardiorespiratory fitness and subsequent acute MI in middle-aged men. However, our results do not support studies in middle-aged and elderly individuals suggesting that obese subjects with high physical fitness may have similar or even lower risk of CVD, or death from CVD, as normal-weight unfit subjects. 9 -11,19 Thus, in our cohort, obese and overweight fit men had a significantly higher risk of MI during follow-up than unfit lean or normal-weight men. The different results compared with the studies above could be related to many factors, for example differences in age at baseline and follow-up, and different statistical powers. Furthermore, we investigated a young nationwide unselected cohort of men, in contrast to selected Association between high physical fitness in late adolescence and MI later in life cohorts of patients with CVD, 9,10 or middle-aged subjects that were well educated and self-selected in many cases.
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Several possible mechanisms may link a high level of aerobic fitness in late adolescence to a lower risk of MI. Aerobic fitness has been associated with several established cardiovascular risk factors, including blood pressure, insulin, obesity, and blood lipids. 20, 21 Other suggested mechanisms through which greater aerobic fitness may influence the development of CVD include reduced vascular inflammation, reduced thrombogenesis, increased resting fibrinolytic activity, decreased blood clotting, and decreased platelet aggregation. 22 -27 Limitations Several limitations of the present study should be considered. The nationwide cohort investigated in this study included only young men; hence, the results may not be applicable to women or the elderly. Given that the present study was observational the associations found between physical fitness and MI is no indication of a causeeffect relationship. The effects of smoking could be evaluated only in a sub-cohort of 23 000 men, although adjusting for the effects of smoking in this cohort had no significant effect on the association between muscle strength and MI. Furthermore, the strength of the associations in the sub-cohort with smoking data was very similar to those obtained in the total cohort. However, we could not investigate any effects of smoking on the association between aerobic fitness and the risk of MI. No data were available for some covariates such as cholesterol levels, which could influence the independent association between physical fitness and MI. However, as discussed above, risk factors for CVD, such as cholesterol levels, BMI, and blood pressure, are most likely mediating some of the effects of physical fitness with respect to the risk of CVD rather than being only The different exposures were analysed per standard deviation increase and for fifth, with the 1st fifth representing men with the highest performance. Two Cox regression models are presented: Model 1 was adjusted for age, BMI, and place and year of conscription, and Model 2 was also adjusted for education, socio-economic factors, blood pressure, and the 12 most common diagnoses at conscription (see Table 1 confounders. Finally, we did not have access to any follow-up data concerning the covariates evaluated in the present study, e.g. physical fitness, blood pressure, and BMI. Adjusting for changes in these covariates during follow-up would most likely strengthen the associations between physical fitness and MI. The strengths of the present study include a large unselected study cohort comprising of Swedish men born predominantly in 1950-66 with objectively measured physical fitness, careful baseline examinations for disease, a total of 24.5 million follow-up years and more than 11 000 MIs.
Conclusions
The present study found a graded association between aerobic fitness in late adolescence and MI several decades later in men. The estimated associations of aerobic fitness with MI risk were consistent in all BMI groups, ranging from underweight to obese. However, the risk of MI remained higher in overweight and obese fit men than in lean and normal-weight men with poor aerobic fitness, suggesting that high physical fitness cannot compensate for the cardiovascular risk associated with obesity.
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